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Abstrat
A disrepany between the Anomaly Mediated Supersymmetry Breaking (AMSB) gaug-
ino mass alulated from the work of Kaplunovsky and Louis (hep-th/9402005) (KL) and
other alulations in the literature is explained, and it is argued that the KL expression is the
orret one relevant to the Wilsonian ation. Furthermore it is argued that the AMSB on-
tribution to the squark and slepton masses should be replaed by the ontribution pointed
out by Dine and Seiberg (DS) whih has nothing to do with Weyl anomalies. This is not in
general equivalent to the AMSB expression, and it is shown that there are models in whih
the usual AMSB expression would vanish but the DS one is non-zero. In fat the latter has
aspets of both AMSB and gauge mediated SUSY breaking. In partiular like the latter, it
gives positive squared masses for sleptons.
PACS numbers: 11.25. -w, 98.80.-k
†
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I. INTRODUCTION
Supersymmetry breaking is generally thought of as taking plae in a hidden setor and
is ommuniated to the visible setor through some messenger elds. The latter may be
the moduli of string theory whih interat only with gravitational strength with the visible
elds, or some other messenger setor that ouples to the gauge elds and also to the
supersymmetry breaking setor. The former mehanism may be alled moduli mediated
supersymmetry breaking (MMSB) also known as gravity mediated supersymmetry breaking
(for a review see [1℄). The latter is alled gauge mediated supersymmetry breaking (GMSB
- see [2℄ for a review). The advantage of the latter over the former mehanism is that
generially MMSB has avor hanging (harge) neutral interations and mass terms whih
need to be suppressed by some ne tuning at the 10−3 level in order to agree with experiment,
while GMSB is naturally avor neutral sine the gauge interations are avor blind.
An alternative to GMSB whih shares its feature of being avor blind but like MMSB
originates in the supergravity setor was proposed in [3℄ [4℄ [5℄. This mehanism has been
alled anomaly mediated supersymmetry breaking (AMSB). This depends on the so-alled
Weyl (or onformal) anomaly of supergravity (SUGRA) and appeared to depend on a par-
tiular formulation of supergravity - namely the so-alled Weyl (or onformal) ompensator
formalism. This feature is rather puzzling and is learly in need of some explanation. In fat
in [6℄ there is an argument based on the standard formulation of SUGRA, for the AMSB
gaugino masses, but not for the squark and slepton masses. In [7℄ on the other hand argu-
ments are given for ontributions to both gaugino and salar masses based on the need to
preserve supersymmetry, independently of any partiular formulation of supergravity.
In this paper we will rst argue that AMSB (for gaugino masses) is in fat impliit
in an old paper of Kaplunovsky and Louis [8℄[28℄. Two versions of the alulation were
given there; one in the Weyl ompensator formalism and the other in the standard SUGRA
formalism. We show how the orret expression for the AMSB ontribution to the gaugino
masses emerges from the ompensator formalism. Then we rederive this expression in the
usual formulation (with the Weyl ompensator set to unity). In this ase the ontribution
omes from Jaobians in the measure oming from eld redenitions neessary to get to the
Kaehler-Einstein frame. The point of this is that the F-term of the Weyl ompensator is
determined to have a value whih is dierent from that given in [3℄[4℄ and [6℄[29℄ and we
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disuss the reason for this dierene and argue that the orret ontribution to the Wilsonian
ation is given (impliitly) by [8℄. Next we disuss the ontribution to the gaugino masses
pointed out by Dine and Seiberg [7℄(DS). We argue that while it is ertainly present, it is a
new eet and is not equivalent to the AMSB ontribution. Finally we onsider the AMSB
argument for soft masses. We point out that this atually violates the Weyl invariane of this
formulation of supergravity. Then we onsider the argument given in [7℄ (DS). We generalize
it to show how a ontribution to both Higgs setor and squark and slepton setor masses
an arise from this mehanism by following standard supergravity alulations. We laim
though that the DS mehanism is a new one, i.e. is not equivalent to the AMSB argument,
and in fat (in the presene of a mu term in the superpotential) gives an additional term.
We also point out that it is possible to nd models (see setion IV) in whih the usual AMSB
expression vanishes but the DS eet does not. Furthermore we argue that when the DS
eet is alulated by taking into aount the fat that the wave funtion renormalization
at sales below the Higgs expetation value depends on threshold eets, it is very similar
to GMSB, and there is no problem with the slepton masses. Of ourse unlike in GMSB the
gravitino mass is heavy, and sequestering [3℄ is still neessary in order to ensure that the
lassial ontribution to the soft masses does not dominate the quantum eets. Finally in
an appendix we disuss in a simplied (non-supersymmetri) ontext some issues relevant
to Weyl transformations.
II. WEYL ANOMALIES
The manifestly Weyl invariant formalism of N = 1 supergravity (SUGRA) is given by
the following ation (with κ = M−1P = 1, d
8z = d4xd4θ, d6z = d4xd2θ).
S = −3
∫
d8zECC¯ exp[−1
3
K(Φ, Φ¯;Q, Q¯e2V )] +
(∫
d6z2E [C3W (Φ, Q) + 1
4
fa(Φ)WaWa] + h.c.
)
(1)
= −3
∫
d6z2E(−∇¯
2
4
+ 2R)CC¯ exp[−1
3
K(Φ, Φ¯;Q, Q¯e2V )] +
(∫
d6z2E [C3W (Φ, Q) + 1
4
fa(Φ)WaWa] + h.c.
)
(2)
In the above ation Φ, Q are respetively a set of hiral superelds representing the moduli
and the MSSM matter elds, V is the gauge prepotential and Wα = (− ∇¯24 + 2R)e−2V∇αe2V
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is the assoiated gauge eld strength. R is the hiral urvature supereld, E is the full
superspae measure and E is the hiral superspae measure. The so-alled torsion onstraints
of SUGRA are invariant under Weyl transformations (with a hiral supereld transformation
parameter τ) some of whih are expliitly given below.
E → e2(τ+τ¯ )E, E → e6τE ,
∇α → e(τ−2τ¯)(∇α − . . .), V → V,
Φ → Φ, Q→ Q, Wα → e−3τWα. (3)
The Weyl ompensator C with the transformation rule
C → e−2τC, (4)
is then introdued in order to have a manifestly Weyl invariant ation. Note that sine C
omes into the Kaehler potential in the form lnC + ln C¯ it is not a propagating eld and
the theory is ompletely equivalent to the the usual formulation of supergravity. However
this will remain true for the quantum theory (meaning the Wilsonian eetive ation rather
than the 1PI eetive ation) only to the extent that this Weyl invariane an be preserved.
Any violation of this invariane will result in the propagation of this degree of freedom and
hene produe a theory whih is inequivalent to the original supergravity. It should be
stressed that provided supergravity is not expliitly broken, the above formalism gives the
most general ation, at the two derivative level, for a loal supersymmetri theory oupling
pure supergravity to a loally gauge invariant theory of hiral salar superelds and gauge
superelds.
The Weyl symmetry is anomalous at the quantum level beause the path integral measure
is not invariant under these transformations. The transformation of the measure an be
obtained from the assoiated hiral anomaly [9℄[8℄[10℄ and takes the form
[dΨ]→ [dΨ] exp
{
3ca
16π2
∫
d6z2EτWaW + h.c.
}
. (5)
Here the anomaly oeient is given by
ca = T (Ga)−
∑
r
Ta(r) (6)
and T (Ga), Ta(r) are the trae of a squared generator in the adjoint and the matter repre-
sentation r of the gauge group Ga. For future use we also give here the 1-loop β-funtion
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oeient
ba = 3T (Ga)−
∑
r
Ta(r). (7)
This anomaly needs to be anelled sine the theory needs to retain this loal Weyl invariane
and C is a spurious degree of freedom. This is done by the replaement [8℄
fa(Φ)→ f˜(Φ, C) ≡ fa(Φ)− 3ca
8π2
lnC, (8)
and it is easily seen from the transformation rules for Φ, C, that the anomaly is anelled.
This is essential (as stressed in [8℄) in order to have equivalene between the usual (manifestly
supersymmetri) formulation of SUGRA where the Weyl ompensator is gauge xed to
C = 1 and the Einstein-Kaehler frame ation (with Einstein gravity, anonial gravitino
kineti and anonial Kaehler matter kineti terms). The latter orresponds to the gauge
xing
lnC + ln C¯ =
1
3
K|Harm (9)
The instrution on the left hand side means that the hiral plus anti-hiral piees are to
be taken (i.e. in omponents the lowest omponent the ∇α,−14∇2 and their hermitian
onjugates are to be retained [30℄). This is essentially the same as going to the Wess-Zumino
gauge for the hermitian supereld K.
Let us now expand the Kaehler potential in terms of the matter elds by writing
K(Φ, Φ¯;Q, Q¯e2V ) = Km(Φ, Φ¯) + ZIJ¯(Φ, Φ¯)Q¯
J¯e2VQI + . . . (10)
The rst term in the ation (1) then beomes
∫
d8zECC¯[−3e− 13Km(Φ,Φ¯) + e− 13Km(Φ,Φ¯)ZIJ¯Q¯J¯e2VQI + . . .]. (11)
To get anonial normalization for the matter elds we need to do a eld redenition. For
simpliity onsider the ase of one matter eld multiplet in a representation r. The kineti
term is ontained in
∫
d8zECC¯e−KmZr(Φ, Φ¯)Q¯e
2VQ, Z†r = Zr.
Under the transformation Q→ eτZQ (where τZ is hiral) with all other elds xed, the path
integral measure aquires a fator
exp
{
−Ta(r)
16π2
(
∫
d6z2EτZWaWa + h.c.)
}
(12)
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This implies that under this transformation the gauge oupling funtion in the quantum
ation beomes
Ha(Φ, C, τZ) ≡ f˜a(Φ, C)− Ta(r)
4π2
τZ = fa(Φ)− 3ca
8π2
lnC − Ta(r)
4π2
τZ (13)
and the matter kineti term beomes
∫
d8zECC¯e−
1
3
KmZeτZ+τ¯Z Q¯e2VQ.
To get anonial normalization for the matter kineti term we need to put
τZ + τ¯Z = ln(CC¯e
− 1
3
KmZr)|Harm (14)
where the instrution on the right hand side means that the equality holds only for its
harmoni part. Dening
ha = Ha|, haR = ℜHa|,
the gauge oupling and the gaugino mass are given by (see for example [11℄ equation (G.2))
1
g2a
= haR and
ma = h
−1
aRℜ(F i∂iha + FC∂Cha + F τZ∂τZha). (15)
Using (13) and (14) we then have
1
g2a
= haR = (ℜf(Φ)− ba
16π2
ln(CC¯)− Ta(r)
8π2
ln(e−
1
3
KmZr)| (16)
= ℜf(Φ)| − ca
16π2
Km| − Ta(r)
8π2
lnZr| (17)
The last expression is valid in the Einstein frame and we used (the lowest omponent of)
(9) to obtain it. This is of ourse exatly the expression given in [8℄ (see equation C.15)
evaluated at the uto sale and ignoring the term proportional to lnℜfa whih omes from
resaling to get the anonial kineti term for the gauge potential. It should stressed here
that that in [8℄ these expressions were also evaluated diretly by expliit omputations whih
showed that they are independent of whether or not a manifestly supersymmetri regulator
was used, and onrmed the argument using the Weyl anomaly. Note also that the various
salar elds are to be evaluated at the minimum of the potential and in partiular we have
assumed that MSSM elds Q are set to zero at this point (so that K|0 = Km|0 for instane).
The formula an be easily orreted if some of these elds are Higgses whih have non
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vanishing vauum expetation values. Similarly the gaugino masses are given by
ma
g2a
= ℜ[F i∂ifa(Φ)| − ba
8π2
FC
C
− Ta(r)
4π2
F i∂i(ln(e
− 1
3
KmZr)] (18)
= ℜ[F i∂ifa(Φ)| − ca
8π2
F i∂iKm − Ta(r)
4π2
F i∂i(lnZr)] (19)
The sum over i it should be realled goes over all the moduli (whih are of ourse gauge
neutral) and in the general ase of more than one matter representation a sum over r is
implied. Also to go from the rst line to the seond in the above expression we used the
F-omponent of (9). The F-omponent of the moduli elds are as usual given by the formula
F i = −eK/2Kij¯Dj¯W¯ . (20)
At this point it behooves us to explain the dierenes between (19) and what has appeared
before in the literature. In [3℄ and [4℄ it is asserted that FC/C = m3/2, whereas here
(following [8℄) it is xed by the Einstein-Kaehler gauge ondition (9). In [6℄ the formula
that is given for the gaugino mass is (after adding the lassial piee to equation (4) of that
paper and hanging the normalizations to agree with ours)
ma
g2a
= ℜ[F i∂ifa(Φ)| − 1
8π2
(bam3/2 + caF
i∂iKm + 2TRF
i∂i lnZr)], (21)
(though as the authors observed the alulation is sensitive to high sale eets). This
formula ould be obtained from our formula (18) if instead of using (the F-term of) equation
(9) we used the formula
FC
C
= m3/2 +
1
3
F iKi. (22)
In order to understand the meaning of one hoie over the other it is instrutive to rst
onsider the equation of motion for the C eld. Take the seond form of the ation (2) and
vary it with respet to C to get
(−∇¯
2
4
+ 2R)C¯ exp[−1
3
K(Φ, Φ¯;Q, Q¯e2V )] + C2W = 0 (23)
Taking the lowest omponent of this equation and taking the value of C| from (9)) we get
(ignoring fermioni terms)
F¯ C¯
C¯
+ 2R| = eK/2W |+ 1
3
F¯ i¯Ki¯ (24)
So in the Einstein-Kaehler gauge, i.e. using the F-omponent of (9), this equation just
determines the (lowest omponent) of the hiral urvature, 2R| = eK/2W | = m3/2. The
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equation (22) would be ompatible with the equation of motion for C only in a gauge in
whih R| = 0.
The fat that the orret value of the AMSB ontribution to the gaugino mass is given by
(19) an also be seen in a dierent way - one that does not depend on the Weyl invariane
argument of Kaplunovsky and Louis [8℄ and would be equivalent to the alternate argument
given there [31℄. In other words we will just use the standard supergravity formulation whih
orresponds to taking the gauge C = 1 in (1). In this ase to get to the Einstein-Kaehler
gauge we need to make a Weyl transformation (3) with
2τ + 2¯τ =
Km
3
|Harm. (25)
From (5) we see that this is tantamount to making the replaement
fa(Φ)→ fa(Φ, τ) = fa(Φ)− 3ca
4π2
τ.
The matter kineti terms are now
∫
d8zEZr(Φ, Φ¯)Q¯e
2VQ. Next we need to do redene the
matter elds Q to get anonial normalization for them. This orresponds to the transfor-
mation Q→ eτZQ with
τZ + τ¯Z = ln(Zr)|Harm. (26)
Again there is a ontribution from the measure - namely (12), so that the eetive gauge
oupling funtion is nally
Ha(Φ, τ, τZ) = fa(Φ)− 3ca
4π2
τ − Ta(r)
4π2
τZ . (27)
Using (25)(26) and taking the F-omponent we again get (19).
It should be stressed that this ontribution to the gauge oupling funtion has nothing
to do with renormalization group running and the beta-funtion. The formulae (16)(19) are
statements about the theory at the Wilsonian uto (say Λ) where fa is dened as the gauge
oupling funtion in the original SUGRA frame. If we hange the uto (say from Λ to µ
then to one-loop order we have
Ha(Φ, τ, τZ , µ) = Ha(Φ, τ, τZ ,Λ)− ba
8π2
ln
Λ
µ
(28)
It should be noted that while this last term ontributes to the evolution of the gauge oupling,
the ratio of the gaugino mass to the squared oupling is independent of the running sine
8
the RG running term is a onstant and only ontributes to the lowest omponent of the
supereld gauge oupling (however see [7℄ and the disussion below).
Of ourse as with all our previous onsiderations (18)(19)(27) are valid only for the
Wilsonian oupling funtion whih is not renormalized beyond one loop. This funtion
however is not the physial oupling sine the kineti terms for the gauge elds is not
anonially normalized. In order to get the physial oupling [32℄ we need to make a further
transformation by a hiral supereld τv,
V = e(τV +τ¯V )/2Vc, (29)
suh that the gauge eld term in the ation
1
4
∫
d6zEH˜aWa(eτV +τ¯V )/2Vc)Wa(eτV +τ¯V )/2Vc) (30)
is anonially normalized. Here we have redened Ha to inlude a term oming from the
measure so that τV is to be determined from the equation
ℜH˜a ≡ ℜHa − Ta(Ga)
8π2
2ℜτV = e−2ℜτV ≡ 1
g2phys
, (31)
so that the gauge eld kineti terms have anonial normalization. Combining the equations
(25, 26, 27, 28, 31) gives us the NSVZ equation Novikov et al. [12℄ for the physial oupling
in a loally supersymmetri theory.
Now let us omment on the alulation of [6℄ whih is done in the C = 1 gauge. This is
based on the 1PI eetive ation of [13℄ where the non-loal term
∆L = − g
2
(16π)2
∫
d2θ2EWW 4

(−∇¯
2
4
+ 2R)
{ba4R¯ + Ta(r)
3
∇2K + Ta(r)∇2 lnZr}+ h.c. (32)
is added. Here  is the at-spae Laplaian. This non-loal ation is designed to reprodue
the super-Weyl anomalies that we have disussed and it is globally supersymmetri but is
not loally supersymmetri (it is atually not generally ovariant). Suh a non-loal ation
ould have loal ambiguities whih need to be xed by some riterion. The value of the
gaugino mass oming from (32) is what is given in [6℄ and quoted in equation (21). In fat
there is a simpler way of deriving this same result - with a similar problem. Thus instead
of just adding the − 3ca
8pi2
lnC term as in [8℄ to anel the anomaly, one again works in the
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C = 1 gauge and adds a term
− 3ca
8π2
lnφ (33)
where φ = E1/3, to reprodue the Weyl anomaly [33℄. Then in (18) the lnC term would
be replaed by a lnφ term. Then noting that (sine −∇2E/4| = 6eR¯| (see for example [11℄
equations (20.21,22)) we have
F φ
φ
= 2R¯ = m3/2 +
1
3
F iKi, (34)
where the last equation is equation (24) in the C = 1 Weyl gauge. In other words the eet
of replaing C by φ is to use (22) in (18) giving us (21) as we argued earlier. However φ
unlike C is not really a hiral salar. Although it is hiral, φ3 = E is a hiral density and so
the term we added, like the non-loal ation of [13℄ but unlike the term lnC, is globally but
not loally supersymmetri. Also this term gives an unusual term proportional to ln e in the
expression for the oupling. This learly shows that we have introdued a dieomorphism
anomaly though of ourse in at spae it is zero. Similarly the non-loal addition (32) gives
a non-loal ontribution to the gauge oupling.
We onlude that the orret anomaly mediated ontribution to the gaugino mass in the
Wilsonian ation is given by (19). In fat as we showed in the disussion leading to (27) the
alulation just depends on using the appropriate expressions for the relevant Jaobians in
going to the Einstein-Kaehler frame with anonial normalization for the matter elds, and
is ompletely unambiguous.
However an additional ontribution to the gaugino mass arises from an eet rst notied
by Dine and Seiberg [7℄(DS). This is usually ignored sine the vauum expetation values
of the MSSM elds are set to zero. However some of these elds (Higgses) have non-zero
expetation values in the physial vauum and these authors propose that in eet the RG
sale µ2 should be replaed by χ+χ− where χ± are a pair of Higgs elds (for instane they
ould be the MSSM harge neutral Higgs superelds h0u,d whih have equal and opposite
hyperharge). In fat this is what should be done in a bakground eld alulation of the
one-loop eetive ation. In this ase the gauge oupling funtion H at the MSSM sale
would have an additional term
Ha ∼ ba
16π2
ln
χ+χ−
Λ2
(35)
To preserve supersymmetry χ± must be the omplete supereld. Of ourse as pointed out in
[7℄ this formula is only valid in the Higgs phase of the theory. This then gives an additional
10
ontribution to the gaugino mass
ma
g2a
∼ ba
16π2
ℜ(F
+
χ+
+
F−
χ−
) (36)
We emphasize that this expression gives an unambiguous ontribution to the gaugino mass
sine we are in the Higgs phase. Of ourse in the symmetri phase this expression would be
of the form 0/0 and ambiguous, but in this phase eqn (35) would no longer be valid and one
would need an expliit infra-red uto. In the MSSM for example this eet is present only
in the physial Higgs vauum.
To see what this ontribution is in a onrete example note that after the various eld
redenitions disussed earlier the MSSM elds have anonial normalization and in partiular
we may take (setting the Plank sale MP = 1)
K ∼ χ+χ¯+ + χ−χ¯− +QQ¯ . . . , W ∼W0 +mχ+χ− + hχ+Q2. (37)
The ellipses in K represent the hidden setor elds and W0 is the superpotential in the
hidden setor with the hidden setor elds having a supersymmetry breaking minimum at
some low sale generating a non-zero gravitino mass m3/2 = e
K0/2W |0 . This is of ourse
just a toy version of the MSSM with Q being the top quark/squark (with hyperharge
−1
2
) whose loops an indue gauge symmetry breaking in the usual fashion (see for example
[14℄, [15℄[16℄). The atual situation in the MSSM is in fat a straightforward generalization
of this. Thus after hidden setor supersymmetry breaking this model will be in the Higgs
phase so that (35)(36) make sense and are unambiguous. As in the MSSM vauum then
χ± = v± 6= 0, whih may without loss of generality be hosen real (as in the MSSM) and
Q = 0. Dening v+
v
−
= tan β we get
F¯±|0 = eK|0/2(mv∓ + v±W |0). (38)
Dening m˜ = eK0/2m we get from (36) the ontribution
ma
g2a
∼ ba
8π2
(m
3/2
+ m˜cosec2β). (39)
If one ignored the mu term ontribution (i.e. the seond term in the paranthesis), it
would seem that we have restored the O(m3/2) present in (21). However the origin of these
terms is very dierent. Furthermore as we will see in the next setion the interpretation of
χ± as Higgs superelds will result in a further modiation whih will result in a formula
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analogous to the one in GMSB[34℄. Thus we onlude that the above eet is a new one
whih adds to the AMSB eet, whih as argued earlier is atually given by (19) rather than
(21). In fat as is evident from the above alulation it depeds on the form of the visible
setor superpotential. If there is no mu term as in the example onsidered by Dine and
Seiberg [7℄ then the ontribution is the same as that in the old AMSB alulations suh
as that of [6℄. But if there is a mu term (as there must be in any realisti theory of low
energy supersymmetry) then there is another term oming from the DS alulation that is
not present in the old AMSB alulations.
III. SOFT MASSES IN AMSB
In addition to a ontribution to the gaugino mass, AMSB eets are supposed to on-
tribute to the soft masses of MSSM salar elds as well as to their ouplings. Let us rst
review the usual argument. This may be motivated from the following observation for the
gauge oupling supereld hiral salar funtion Ha. Using the Weyl ompensator formalism
the Wilsonian oupling at some sale Λ an be written (by ombining (13) and (III) as
Ha(Φ, C, τZ) = fa(Φ)− ba
8π2
lnC − Ta(r)
4π2
ln(e−
1
3
KmZr) (40)
where it is implied that only the lowest (whose phase is undetermined) and θ and θ2 ompo-
nents of the last term are taken. The gauge oupling funtion at some sale µ is then given
by adding the term − ba
8pi2
ln Λ
µ
(as in (28)) giving the the oupling funtion at sale µ as
Ha(Φ, C, τZ)µ = fa(Φ)− ba
8π2
ln(CΛ/µ)− Ta(r)
4π2
ln(e−
1
3
KmZr). (41)
This might lead to the supposition that one should replae Λ/µ by CΛ/µ) in the super-
eld funtions that our in the Wilsonian ation evaluated at the sale µ. In partiular
the wave funtion renormalization funtion Z(Φ, Φ¯, ln Λ
µ
) at sale µ might be replaed by
Z(Φ, Φ¯, ln Λ|C|
µ
). If this is indeed justied then there would be an anomaly mediated ontri-
butions to the soft masses [3℄[5℄,
m2 = − lnZ|θ2θ¯2 = −
1
4
|FC|2d
2 lnZ
d ln Λ2
. (42)
This would be the dominant ontribution if the usual lassial ontribution (from the F-
term of Φ is suppressed by sequestering (see [3℄). However the origin of the lnC term and
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the ln Λ/µ terms in (41) is ompletely dierent. The rst exists even without any running
i.e already at the high sale where the lassial oupling is dened. It omes from the
eld redenition/Weyl transformation Jaobians/anomalies. The seond is a onsequene
of running. More importantly if one used the funtion Z(Φ, Φ¯, ln Λ|C|
µ
) in the Wilsonian
ation then it is no longer invariant under the Weyl transformations and hene it would
not be possible to remove C from the theory. In fat it is preisely the Weyl variation
of the ln(CΛ/µ) term in (41) that guarantees the Weyl invariane of the quantum theory
by aneling the Weyl anomaly. Finally the derivation of the gauge oupling funtion in
the Einstein-Kaehler frame given in the disussion from (25) to (27), shows that the extra
terms in the gauge oupling funtion are just a onsequene of the eld redenitions. The
apparent symmetry between the lnC term and the RG term lnΛ/µ term has no physial
signiane. From the Wilsonian point of view the two sales Λ and µ are both physial
sales and should be measured in the same onformal gauge. Thus their ratio should be
independent of the onformal gauge that is hosen. Indeed if one works in the C = 1 gauge
one an still derive the ontribution to the gauge oupling funtion as we did above, but
there is no eld orresponding to C that an be used sine the only other possibility, namely
φ, is not really a hiral salar but a density, and as we pointed out earlier its use would
violate loal supersymmetry/general ovariane.
The problem with the usual AMSB argument is that it is based on onformal invariane
rather than Weyl invariane. Unlike the onformal invariane the Weyl invariane exists
whether or not there are mass terms. This is beause it involves transforming the metri
whereas in the usual disussion Weyl invariane is spontaneously broken by restriting the
argument to at spae. If this is done one loses sight of the (super) general ovariane of
the supergravity ation. In other words the invariane in question involves transforming
the bakground that is held xed in the usual disussion. If the Weyl invariane of the
ation is violated (as would be the ase if C dependene is introdued into the wave funtion
renormalization then loal supersymmetry will not be preserved.
An alternative mehanism for generating soft masses was given in [7℄ (DS). The meha-
nism is quite general but let us rst disuss it within the ontext of the example given in
that paper. The supergravity potentials are given by the following.
K = −3 ln[1− 1
3
Kv(χ, χ¯)− 1
3
Kh(z, z¯))], (43)
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Kh = zz¯ − z
2z¯2
µ2
, (44)
Kv = Z(χχ¯)χχ¯, (45)
Z = 1 + ǫa1 ln(|χ|2/Λ2) + ǫ2a2 ln2(|χ|2/Λ2), (46)
W = W0 −M2z +Wv(χ), (47)
with MP = 1, M ≪ µ ≪ 1 ǫ = g2/16π2 and a1,2 are model dependent numbers. The
onstant W0 is tuned suh that V0 = 0 and at the minimum we have (ignoring the matter
setor)
F z ≃M2, m3/2 = M2/
√
3, z = z0 ≡ µ2/2
√
3≪ 1. (48)
The visible setor is assumed to be suh that at the minimum of the ombined potential
F χ ≪ M2 and χ0 ≪ z0. We also have near the minimum
K ≃ Kv +Kh + 1
3
KvKh + . . . , Kzz¯ ≃ 1 +O(µ2), Kχχ¯ ≃ 1 +O(ǫ)
Kvχ ≃ χ¯, Khz¯ ≃ z, Kχz¯ ≃ 1
3
χ¯z = −Kχz¯. (49)
With ∂iV0 = V0 = 0, the (squared) soft mass is essentially the Fermi-Bose splitting of the
squared masses and is given by (see for example [11℄ p187-188)
∆m2χχ¯ = M
2
χχ¯ −m2χχ¯ = eK0[−Rχχ¯kl¯Kkm¯K l¯nDnWDm¯W +Kχχ¯|W |2]
= eK0[−(Rχχ¯zz¯(Kzz¯)2|DzW |2 +Rχχ¯χχ¯(Kχχ¯)2|DχW |2)
+Kχχ¯|W |2 +O(µ2m23/2)]. (50)
In standard alulations of soft mass terms (see for example [17℄) only the rst term in the
seond line above is kept sine SUSY breaking happens in the hidden setor and |DχW |0 = 0.
However here the Kaehler metri is singular at χ = 0, so there are extra terms if |DχW |
goes to zero no faster than linearly. We nd
Rχχ¯zz¯ ≃ 1
3
Khzz¯Kvχχ¯, Rχχ¯χχ¯ ≃ Kχχ¯(2a2 − a21)
ǫ2
χχ¯
.
As expeted (sine K is of the sequestered form) the usual ontribution vanishes. So we get
(sine Kχχ¯ = 1 +O(ǫ) and e
K0 ≃ 1) for the normalized soft mass squared,
m2s ≃ −Rχχ¯χχ¯|F χ|2 = −Rχχ¯χχ¯|Kχχ¯|2|DχW |2
≃ (a21 − 2a2)
ǫ2
χχ¯
|∂χWv + χ¯W |2 = ǫ2(a21 − 2a2)|m3/2 +O(
∂χWv
χ¯
)|2, (51)
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where in the last two steps we used (48) and (49). Note that all lassial ontributions to
the soft masses anel beause of the sequestered form of the Kaehler potential . If there
are no mu terms (i.e. terms of the form mχ2) in Wv then we have the result of DS.
Let us ompare this to the usual AMSB formula (42). If we assume that its F-term is
given by (22)
FC
C
= m3/2 +
1
3
F z∂zK = m3/2(1 +O(µ
2)). (52)
Also
γ = −∂ lnZ/∂ ln Λ = 2ǫa1 + 4ǫ2(2a2 − a21) ln
|χ|
Λ
, (53)
where in the last step we used (46). This then gives
m2s = ǫ
2(a21 − 2a2)m23/2 (54)
in agreement with the DS alulation if there are no mu terms. However the appearane
of a mu term ontribution in the DS alulation means that it is not ompletely equivalent
to AMSB. For instane if the mu term is ne-tuned to anel exatly the χ¯W term (at
the minimum) so that DχW vanished quadratially with χ, the DS ontribution would be
absent. Finally the AMSB argument for salar masses would involve breaking the Weyl
invariane while the DS alulation does not.
The above is valid for the Higgs elds of the low-energy theory but it is not lear from
the above how the squarks and sleptons (whih should have zero expetation values) should
get DS type ontribution to their mass. To see how this happens let us extend the DS toy
model by adding a supereld Q (standing for a toy version of a quark or lepton supereld)
whih will have zero expetation value and no mass term but having a Yukawa interation
with the Higgs eld χ. Thus we replae the matter Kaehler potential by
Kv = Z(χχ¯)(χχ¯+QQ¯) (55)
where Z is again given by (46) and write the superpotential Wv in(47) as
Wv =
m
2
χ2 + hχQ2 + . . . (56)
with the ellipses ontaining terms whih are higher order in the elds. Now we assume that
the latter are suh that the potential has a minimum (see also the disussion in the previous
setion) with
χ0 = χ¯0 = v, Q0 = 0. (57)
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From the above we have F χ¯ = (m˜ +m3/2)v, RQQ¯χχ¯ = ǫ
2(2a2 − a21)/v2. Then following the
same steps as in (50)(51) we get
∆m2QQ¯ = −RQQ¯χχ¯|F χ|2 = ǫ2(a21 − 2a2)(m˜+m3/2)2. (58)
Thus we do indeed have a ontribution to the soft masses but again as was ase with the DS
ontribution to the gaugino masses, it has nothing to do with Weyl anomalies. Furthermore
unlike what is usually laimed as a ontribution to the salar mass from AMSB, the DS
ontribution ts naturally into the standard alulation of soft mass terms in supergravity.
IV. MODELS WITH F
C
= 0 AND NON-ZERO DS EFFECT
As noted in [3℄, for the dominant ontribution to the soft masses to be from AMSB the
lassial ontribution from SUSY breaking in the hidden setor needs to be sequestered - as
in equation (43) above. The same is obviously true for the alternative to AMSB, namely
the DS version disussed above. A sequestered version that an naturally arise in type IIB
string theory is one of the GKP-KKLT [18℄ [19℄ type with the visible setor being on a set of
D3 branes. In suh a model with just one Kaehler modulus T aquiring a non-zero F-term
at the minimum (it is ne tuned by hoosing uxes and non-perturbative terms so that the
osmologial onstant is zero and SUSY breaking is only from this modulus) the soft masses
will indeed be zero, and both the so-alled A and B terms are also zero.
We rst onsider here the simplest version of this - namely the so-alled no-sale model
(whih in type IIB is derived by GKP [18℄). This illustrates the point, although of ourse
the sale of SUSY breaking and the modulus T are not xed. As is well known the soft
masses and the A and the B terms, are all zero in suh models (see for example [20℄ and
referenes therein) even though supersymmetry is broken with a non-zero gravitino mass
and a zero osmologial onstant.
The point that we want to illustrate here is that when alulating the soft masses, the
appropriate input from supergravity has to be taken for FC . Thus onsider the following
toy model for the superpotential and Kaehler potential.
W = Wmod +mH
2
(59)
K = −3 ln(T + T¯ − 1
3
HH¯) ≃ Kmod + ZHH¯ +O(H2H¯2) (60)
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with Kmod = −3 ln(T + T¯ ) and Z = 1/(T + T¯ ) and ∂TWmod = 0. The standard argument
in supergravity onsists of evaluating the usual expression for the potential for the hiral
salars and then extrating the salar mass terms i.e. oeients of the HH¯, HH terms,
and one nds that they are zero.
What would the orresponding eetive global alulation yield. In omputing the po-
tential one an of ourse ignore the hiral urvature (R) terms and eetively work with the
at spae Lagrangian
L = −3
∫
d4θCC¯e−K/3 + (
∫
d2θC3W + h.c.) (61)
= −3
∫
d4θCC¯e−Kmod/3 + (
∫
d2θC3Wmod + h.c.) (62)
+
∫
d4θHˆ
¯ˆ
H + (
∫
d2θCmHˆ2 + h.c.) (63)
In the last two lines we have used the above toy model and resaled (as is usual in AMSB
type alulations) H → Hˆ ≡ CH . Now the usual disussion of AMSB proeeds from the
last line. If this were whole story (as far the visible setor were onerned) there would be
for instane a problem with the so-alled Bµ term i.e. the oeient of the H2 (where H
refers to the salar omponent) in the potential. For this would be then given by (see for
example the review [21℄) FCm. However the value of FC needs to be xed from the line
(62) of this equation. In fat of ourse the rst line (61) leads (upon elimination of C) to
the usual SUGRA potential and therefore to the result that all soft terms are zero.
Obviously one should get the same result from the seond form (62) plus (63) of the
Lagrangian. In this version the line (62) is used to get FC (up to small orretions O(H2)
and this SUGRA input must be used to ompute eets in the `MSSM' setor of line (63).
So from (62) we get as usual from the (lowest omponents of) the equations of motion for
C and the hiral super elds,
F¯ C¯ = C2eK/3(W − 1
3
Kj¯K
j¯iDiW ) (64)
= C2eKmod/3(Wmod − 1
3
3
T + T¯
(T + T¯ )2
3
3Wmod
(T + T¯ )
) +O(H2) = O(H2), (65)
sine DTWmod = ∂Wmod − 3Wmod/(T + T¯ ) = −3Wmod/(T + T¯ ) in this no-sale ase. Thus
the Bµ term is atually zero (to O(H2)) as are all other soft terms.
A similar situation exists for more realisti models where the T modulus is stabilized. The
MSSM setor will have (shematially) quark/lepton superelds denoted by Q and Higgs
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elds denoted by H . For the Kaehler potential we take
K = −3 ln(T + T¯ − 1
3
(HH¯ +QQ¯))− ln(S + S¯) + k(z, z¯) (66)
= Kmod + Z(HH¯ +QQ¯) + . . . (67)
Kmod = −3 ln(T + T¯ )− ln(S + S¯) + k(z, z¯), Z = 1
T + T¯
. (68)
For the moduli superpotential we take a GKP-KKLT [18, 19℄ form
Wmod = Wflux(S, z) +
∑
n
An(S, z)e
−anT , (69)
while for the 'MSSM' superpotential we take
WMSSM = mH
2 + yHQQ
In the above S is the dilaton-axion supereld and z = {zr} denotes the set of omplex
struture moduli and T is the Kaehler modulus of some Calabi-Yau orientifold (with h11 = 1)
ompatiation of type IIB string theory. Suh a model an be realized as a generalization
of those onsidered by GKP-KKLT [18℄[19℄. Also the MSSM setor is loated on a stak of
D3 branes. The moduli potential is then
Vmod =
ek(z,z¯)
(S + S¯)(T + T¯ )2
{1
3
|∂TWmod|2 − 2ℜ∂TWmodW¯mod}+ |F S|2KSS¯ + F zF z¯kzz¯. (70)
Now one looks for a loal minimum of this potential with zero osmologial onstant (CC)
and SUSY breaking only in the T diretion, i.e.
Vmod|0 = 0, F |S0 = F z|0 = 0, F |0 6= 0. (71)
There is ertainly no obstrution to nding suh a minimum and with a suient number of
omplex struture moduli and non-perturbative terms it is reasonable to expet that suh a
SUSY breaking minimum exists. The ne tuning ondition for the CC now takes the form
(at the above loal minimum of the potential)
|DTWmod|20
(T + T¯ )20
3
= 3|Wmod|20, (72)
or taking the same phase as in the no-sale model we have
DTWmod|0(T + T¯ )0 = −3Wmod|0. (73)
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It should be stressed that unlike in the ase of the no-sale model (where these relations
are automati) in the present ase they are ne tuned relations that are valid at the SUSY
breaking loal minimum (71). In eet the relation implies that we should ne tune suh
that ∂TW |0 = 0 whih is ertainly possible if there are at least two non-perturbative terms
in (69). Using (64) and (73) we get
FC |0 = C2eKmod/3(Wmod +DTW |modT + T¯
3
)|0 = 0, (74)
ignoring O(H2) terms. Dening Hˆ = CH, Qˆ = CQ as in (63) we see that the eetive
`MSSM' theory is given by (noting that e−Kmod/3Z = (S + S¯)1/3k−1/3(z, z¯))
LMSSM =
∫
d4θ(S + S¯)1/3k−1/3(z, z¯)(Hˆ
¯ˆ
H + Qˆ
¯ˆ
Q) + {
∫
d2θ(mCHˆ2 + yHˆQˆ2) + h.c.}. (75)
Sine this is independent of the SUSY breaking modulus T , and as we saw above FC is also
zero at the minimum of the moduli potential, all soft SUSY breaking terms are zero.
In addition to the vanishing of the lassially generated soft terms, in this model the
usual AMSB expression is also zero. The latter is obtained by inserting a wave funtion
renormalization fator Z(µC/Λ) into the rst term of (75) and this gives a ontribution to
the soft terms proportional to FC. But sine the latter is zero at the minimum of the moduli
potential in this model, there is no suh ontribution. Nevertheless the DS mehanism gives
a non-zero ontribution. This arises from a wave funtion renormalization fator Z(HH¯)
and the soft terms are proportional to |DHW
H
|0 = |m+Wmod H¯H | whih is generally non-zero.
This learly illustrates the fat that the DS mehanism is not equivalent to the usual AMSB
argument.
V. DS SUSY BREAKING AND GMSB
In the setion III we rederived the DS formula for the soft masses and showed that it is
dierent from the AMSB one if there is a mu-term. Here we will revisit the alulation and
argue that it needs to be seriously modied when the eld χ is identied with the Higgs
eld. The reason is that the sale of the soft masses is around the sale of the Higgs vauum
expetation value. This will lead us to onlude that the problem of negative squared slepton
masses that plagues AMSB is absent in the DS mehanism.
Let us rst briey review the alulation of soft masses in GMSB using the method of
Giudie and Rattazzi [22℄. Dening α = g2/4π where g is the oupling of some gauge group,
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the anomalous dimension of some hiral salar eld Q is given (to one loop order) by
γ ≡ d lnZ
d lnµ
=
c
π
α. (76)
Here Z is the wave funtion renormalization ofQ at the sale µ (so that the Kaehler potential
for it is Z(µ)QeV Q¯) and c = c2(r) is the quadrati Casimir for the representation r. Suppose
that between the ultraviolet sale Λ (whih ould be the Plank sale or the sale assoiated
with the hidden setor where SUSY is broken) there is an intermediate sale (messenger
mass in GMSB) haraterized by a hiral salar supereld X (whih an develop a non-zero
vauum expetation value (vev) and an F-term). Thus X = χ of setion III or X =
√
χ+χ−
of setion II and in the MSSM should be taken to be the invariant X =
√
HuHd. The beta
funtion well above and well below the sale set by the vev of X are given to one loop by
β ′ = −b′g3/16π2, β = −bg3/16π2. Integrating these last two equations we have
α−1X = α
−1
Λ +
b′
4π
ln
XX¯
Λ2
(77)
α−1µ = α
−1
X +
b
4π
ln
µ2
XX¯
(78)
Note that the oupling at the low sale µ depends on the threshold sale X . In a supersym-
metri theory the sale X should be replaed by the omplete supereld and α−1 is the real
part of the hiral supereld f . Integrating (76) then gives
lnZ(µ) = lnZ(Λ) +
2c
b′
ln
αΛ
αX
+
2c
b
ln
αX
αµ
(79)
The radiatively generated soft mass is given by
m2Q(µ) = −
∂2 lnZ(µ)
∂ lnX∂ ln X¯
|FX |2
|X|2 (80)
where it is understood that the right hand side is evaluated at the vev of X . Using (79) to
evaluate the derivatives and taking the limit µ→ X (where nowX is the vauum expetation
value of the eld) we have
m2Q(X) = 2c
(αX
4π
)2
(b− b′) |FX |
2
|X|2 = 2c
(αX
4π
)2
(b− b′)m23/2, (81)
where in the last step we have identied X with the eld χ of setion III and ignored the
'mu' term. The beta funtion above the threshold has more matter states ontributing than
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the one below, so b − b′ is always positive and (81) implies that (sine c > 0) the squared
masses are always positive as in GMSB. Let us ontrast this with the alulation that was
done in setion III, and see why it needed to be modied. There what was done was in eet
to rst take the limit µ → X in (79) in whih ase the last term in the right hand side of
that equation disappears. Then upon doing the dierentiations in (80) one gets
m2Q(X) = 2c
(αX
4π
)2
b′m23/2, (82)
whih indeed would be negative if b′ is negative as is the ase for the SU(2) × U(1) group
of the standard model. In other words we would have the same problem as for AMSB!
However it does not really make sense to rst take the limit and then dierentiate. µ
is a mass sale and may be identied with the vev of X but not with the supereld itself.
On the other hand the formula (80) makes sense only when X is atually treated as the
full supereld before the dierentiations, and then set to its vev afterwards. Also sine
the sale X is to be assoiated with the Higgs vev and the mass sale of all other states
(exept the top) are below this sale the limit should be taken from below and before the
X dierentiation as was done above to get (81). So in approahing the SUSY breaking
threshold from below it is probably appropriate to take the running as being due to the
standard model states, though obviously the fat that some SUSY partners may well be
below the top quark makes the preise determination of this running somewhat unlear. A
detailed investigation of this will be left to a future publiation.
The same modiation should be made for the DS alulation of gaugino masses as well.
Thus in (35)(36)(39) the oeient b should be replaed by b − b′. It should also be noted
that although (81) is independent of the Higgs vev the derivation requires the existene of
a non-trivial minimum for the Higgs potential. Sine in the MSSM the symmetri vauum
is only destabilized by radiative eets that depend on the breaking of supersymmetry, this
mehanism depends on a bootstrap like self-onsisteny argument.
One also sees that (81) exhibits harateristis of both AMSB and GMSB. Like the former
the squared masses are proportional to the squared gravitino mass. Furthermore like AMSB
the lassial ontributions to the mass splittings need to vanish sine otherwise they would
dominate the quantum eets. This means that the supersymmetry breaking setor needs
to be sequestered [3℄. An example of how this ould happen is the seond model disussed
in setionIV. By ontrast in GMSB the mass sale is set by the messenger mass, and the
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gravitino is the lightest super-partner and one does not really need sequestering. However
unlike AMSB but as in GMSB this mehanism gives positive values for all squared masses.
VI. CONCLUSIONS
Let us summarize the main points of this paper.
• The expression for the anomaly mediated ontribution to the gaugino mass is essen-
tially ontained in [8℄ and is given here in equation (18). When one uses the value of
the F-term of the Weyl ompensator that is required to get to the Einstein-Kaehler
gauge, we get the formula (19) whih we laim is the orret formula for the gaugino
mass that an ome purely from Weyl anomalies. This latter formula an alternatively
be derived without going to the Weyl ompensator formalism (i.e. the C = 1 gauge)
and in that ase it omes from Jaobians assoiated with eld redenitions that are
assoiated with going to the Kaehler-Einstein frame.
• An additional ontribution to the gaugino mass omes from an eet notied in[7℄ (DS).
This when added to the previous ontribution gives a formula that is superially
similar to the omplete expression for the gaugino mass given in [6℄. However the
DS ontribution an have additional terms, when there is a mu term in the MSSM
superpotential for instane.
• There is no AMSB ontribution to the soft masses. The usual argument proeeds from
inserting a onformal ompensator supereld fator C to multiply the ratio of sales
µ/Λ in the wave funtion renormalization Z(µ/Λ). However this ratio, being a ratio
of physial sales should be independent of the Weyl gauge. Indeed inserting suh
a fator will violate the Weyl invariane of the formalism (whih inidentally should
be preserved whether or not there are mass terms in the ation). Furthermore any
non-trivial dependene on C in Z will mean that the former beomes a propagating
eld whih annot be deoupled from the ation and would violate unitarity. In any
ase one should be able to derive a physial eet in any gauge - in partiular in
the usual formulation of supergravity with the Weyl ompensator supereld C set to
unity. This does not seem to be possible - whih again suggests that the eet, at
least in its original form, is absent. The point is that unless loal supersymmetry is
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expliitly broken by the regularization, one should be able to express the Wilsonian
eetive ation in terms of a superpotential and an eetive (quantum orreted)
Kaehler potential in the standard formulation of supergravity.
• There is however a ontribution whih is similar to the usual AMSB one, that has been
disovered by Dine and Seiberg [7℄. However there are several dierenes. Firstly there
is an additional term when there is a mu term present. Seondly we have shown that
there are models in whih the usual AMSB ontribution is zero but the DS ontribution
is non-zero. Thirdly this DS ontribution does not give rise to negative slepton squared
masses. Fourthly the DS eet has nothing to do with Weyl anomalies and ertainly
exists independently of the partiular formulation of supergravity.
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Appendix
It is helpful to onsider some of the issues involved in the ompensator formalism and its
relation to AMSB in a simplied ontext. Consider the ation (1) without gauge elds and
with just one matter eld (say Q with Kahler potentialK = Q¯Q) and the Weyl ompensator
eld C. Let us simplify further by taking these elds to be real. The bosoni part takes the
form of two onformally oupled salars and a potential term:
S =
1
2
∫
d4x
√
g(C2R + 6gµν∂µC∂νC)−
∫
d4x
√
g[
R
6
C2Q2 + gµν∂µ(CQ)∂ν(CQ) + C
4V (Q)]
(83)
This ation has the Weyl invariane (desending from the super-Weyl invariane of (1))
gµν → e4τgµν , C → e−2τC. (84)
Note that the Weyl ompensator C has a kineti term with the wrong sign. However this is
not a problem sine it an be guaged away - it is really a spurious eld whih is equivalent
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to a Weyl transformation. At the quantum level these transformations will have an anomaly
with the struture
∫
τ“R2” where the integrand is a linear ombination of four derivative
terms of the metri. This will need to be anelled by a similar term with lnC instead
of τ that is added to the ation so that the Weyl invariane is preserved at the quantum
level. This is of ourse essentially what we did in setion (II) exept that there we ignored
squared urvature terms and just foused on (supersymmetrized) gauge kineti terms. This
is needed for onsisteny sine we need to be able to remove the spurious eld C. The theory
is ompletely equivalent to that with the ation (83) in the gauge C = 1.
The theory is however not in Einstein frame sine the salar elds ouple to urvature
in the form
∫ √
gC2(1 − Q2
3
)R. To go to the Einstein frame we simply pik the gauge
C = 1/
√
1− Q2
3
and the ation (ignoring the anomaly term) beomes
S =
∫
d4x
√
g[
R
2
− 1
(1− Q2
3
)2
(gµν∂µQ∂νQ + V (Q))] (85)
Alternatively we ould have started with the ation (1) in C = 1 gauge and then do a eld
redenition (or equivalently a Weyl transformation) gµν → (1− Q23 )−1gµν . It is easily heked
that this leads to the same ation as (85) as it should. In the quantum theory this is not
the whole story sine the eld redenition results in a Jaobian fator in the path integral
measure that results eetively in the same term as the one disussed earlier. The main
point is that the nal ation inluding the anomaly orretion must in fat be the same.
C is a spurious eld and an have no physial signiane. This must be the ase even if
one integrates the utuations of the eld down from some sale Λ (at whih we take the
the above ation to be a valid desription) down to some lower sale µ at whih we want
to investigate its physis. The orresponding renormalization onstants an only depend on
the ratio of sales µ/Λ and learly should not depend on the spurious eld C. Any suh
dependene would violate the Weyl invariane whih enabled us to deouple this eld.
What is done in the literature on AMSB however is to break the Weyl symmetry by
piking a metri - i.e. the at metri ηµν . One this is done of ourse one loses sight of
the original invariane. In at spae then the Weyl invariane is replaed by onformal
invariane whih is broken by mass terms. Thus let us dene (as is usually done in the
literature) Qˆ ≡ CQ and take the potential to be V = λφ4. The ation (83) then beomes
S =
∫
d4x
√
g[(C2 − Qˆ
2
3
)
1
2
R + 3gµν∂µC∂νC)− gµν∂µQˆ∂νQˆ− λQˆ4]
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If one goes to at spae with the above metri it appears as if we have a onformally invariant
at spae theory for Qˆ that is independent of C. Any C dependene would arise only if one
had expliit mass terms. However this ignores the fat that graviton utuations will ouple
in a eld dependent fashion and furthermore that C appears as a ghost. One needs to go to
the Einstein frame by doing a eld redenition gµν → (C2 − Qˆ2/3)−1gµν and it is the new
metri that should be put equal to the at metri. This transformation however introdues
Cdependene into the Qˆ lagrangian - the potential for example beomes λQˆ4/(C2 − Qˆ2/3).
In any ase the issue is not onformal invariane. What is relevant is Weyl invariane
whih exsits irrespetive of the existene of mass terms. It is this invariane (whih is
manifest only if the metri is not xed) that enables one to eliminate the spurious eld C.
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